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Skin fibroblasts from certain patients with the photosensitiv-
ity dermatitis/actinic reticuloid syndrome show enhanced 
sensitivity to ultraviolet radiation compared to normal fibro-
blasts. To probe further the link between oxidative damage 
and this disease, we have obtained a more extensive set of cell 
lines from patients with a severe form of the disease and 
examined their sensitivity towards oxidative stress by mea-
suring cell survival following UV A radiation (330 - 450 nm) 
or hydrogen peroxide treatment (0.1- 2.4 mM). The activa-
tion of the stress gene, heme oxygenase, has also been assessed 
by measuring the accumulation of mRNA after hydrogen 
peroxide treatment. 
Our studies have confirmed that a slight ultraviolet sensi-
tivity is a characteristic of photosensitivity dermatitis/actinic 
reticuloid syndrome cell strains and we further demonstrate 
that these cell lines are particularly sensitive to hydrogen 
peroxide with up to a three- to fourfold increased sensitivity 
as compared to normal controls. We also show that certain 
T he photosensitivity dermatitis and actinic reticuloid syndrome (PD / AR) [1], also called chronic actinic dermatitis (CAD) [2], is a chronic eczematous photo-dermatosis that affects predominantly middle-aged or elderly men between the ages of 50 and 75 years. The 
majority of the patients show a marked photosensitivity to ultravio-
let radiation (UV) B (280 - 320 nm), UV All (320 - 340 nm), UVAI 
(340-400 nm), and sometimes visible light (400-800 nm) [3] . This 
photosensitivity is often associated with a history of recurrent der-
matitis on both covered and exposed skin. Patch testing reveals 
sensitization to a broad range of allergens [4] with lichens, Composi-
tae oleoresins, and fragrance materials frequently being encountered 
[5] . In severe cases, the variant termed actinic reticuloid may de-
velop, characterized by morphologic features similar to mycosis 
fungoides [6] . An abnormal cell-mediated immunologic mecha-
nism may be involved in PD / AR [7,8] and photo-contact/toxic 
responses have been implicated in the development of the dis-
ease [3,5] . 
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ataxia telangiectasia strains that are especially sensitive to 
hydrogen peroxide are also slightly sensitive to ultraviolet 
radiation. Hydrogen peroxide induces accumulation of 
mRNA for the oxidant-inducible stress protein, heme oxy-
genase, with similar kinetics (maximum mRNA accumula-
tion 2 - 4 h following treatment) and with a similar range of 
magnitudes in both normal (6.6 - 20.6 times mRNA increase 
over basal levels) and photosensitivity dermatitis/actinic re-
ticuloid (2.9 -12.8 times) skin cells. Because cells from pho-
tosensitivity dermatitis/actinic reticuloid patients show in-
creased sensitivity towards oxidative stress but show no sig-
nificant change in oxidant activation of the heme oxygenase 
gene, we propose that the defect involves a late stage of 
processing of oxidative damage rather than a compromised 
free radical scavenging system. Key words: UV A radiation/oxi-
dative damage/hydrogen peroxide. ] Invest Dermatol 102:762-
767, 1994 
Spontaneous resolution of this condition does occur but appears 
to be uncommon. The progression to lymphoma and other lym-
phoreticular malignancies has been suggested by anecdotal case re-
ports [9 -11]; however, a flow-cytometric study investigating the 
potential progression of PD / AR to malignant lymphoma and other 
lymphoreticular malignancies failed to show DNA aneuploidy, 
considered to be a measure of a premalignant condition [12]. In 
addition, recent epidemiologic work would seem to make it un-
likely that there exists a relationship between PD / AR and lym-
phoma (personal communication, D. Bilsland, Dundee, Scotland). 
Patient treatment can be successful when exposure to both con-
tact allergen and light can be avoided. If tolerated, the use of broad 
spectrum sunscreens can be beneficial in some patients. In those 
cases in which the patient'S disease is resistant despite the aforemen-
tioned measures, azathioprine [13,14], topical mustard [15] and cy-
closporin [16,17] may be of value. Interestingly, complete avoid-
ance of light is accompanied by increased sensitivity for future 
exposures and is therefore unsatisfactory. Some centers try to aug-
ment the tolerance to light by progressive conditioning with in-
creasing doses ofUVR [van der LeunJC, van Weelden H:] Invest 
Dermatol64:280, 1975 (abstract)]. 
Fibroblasts cultured from patients with full PD / AR features have 
been reported to be abnormally sensitive towards UV A radiation 
[Gibbs N, Botcherby PK, Morris RW, Young AR, Giannelli F: Br 
] Dermatol118:289, 1988 (abstract)] [18-22] . This sensitivity was 
manifested as decreased cell survival , decreased cellular RNA syn-
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Table I. Photosensitivity Dermatitis/Actinic Reticuloid 
Syndrome: Clinical Investigationa 
Photosensitivity 
Multiple 
UVB UVA "Visible" Contact 
Patient (305 ± 5 nm) (365 ± 30 nm) (400 ± 30 nm) Allergy 
PD/AR-2 +++ +++ ND + 
PD/AR-3 +++ +++ + + 
PD/AR-4 +++ 
PD/AR-5 +++ +++ ++ 
PD/AR-6 +++ +++ ++ + 
PD/ AR-7 +++ +++ +++ + 
PD/AR-8 +++ +++ +++ + 
PD/AR-9 +++ +++ ++ + 
• ++-!-, <10% lowest normal minimal erythema dose (MED); ++, <50% lowest 
nonnal MED; +, <75% lowest normal MED; -, > lowest normal MED; ND, not 
done . 
thesis, and increased DNA single-strand breaks after exposure, All 
of these events were temperature dependent, suggesting that an 
enzymatic defect may be involved in PD / AR cellular UVA sensi-
tivity [18,19,21 J. UV A radiation has the potential to generate active 
oxygen species and constitutes an important oxidative stress to cells 
[23]. Besides biochemical protective mechanisms, cells can respond 
to stresses by a transient enhancement in the synthesis of specific 
gene products. In particular, UV A radiation has been shown to 
enhance mRNA accumulation ofHER-l (epidermal growth factor 
receptor) [24J, collagenase [25], and heme oxygenase (HO-l) [26-
28]. The induction of HO- l appears to be a general mammalian 
response to oxidant stress and may represent an important cellular 
defense mechanism [26-30J. 
In this study, we re-examined the sensitivity of eight PD / AR 
patient'S cell lines to UVA radiation and tested whether they are also 
sensitive to hydrogen peroxide. We used Ataxia telangiectasia cell 
lines as positive controls. In addition, we have questioned whether 
there is a difference in HO-l gene activation by oxidants between 
normal and PD / AR cell lines. 
MATERIALS AND METHODS 
Cell Culture Most cell cultures utilized in these studies were established 
in the University Department of Dermatology (Lausanne, Switzerland) 
from 4 - 6 mm skin punch biopsies of the following patients: eight PD / AR 
cell lines with the nomenclature PD/AR-l through 9, one from Lausanne 
(twO biopsies from the same patient at a two-year interval), and seven from 
Dundee (clinical information, Table I) (the latter were excised in the Der-
matology Department in Dundee and sent to Lausanne by overnight ex-
press), one Ataxia telallfiectasia (AT), and six normal individuals. The biop-
sies were cut mto smal fragments «0.5 mm3) transferred to 60-mm tissue 
plates (Falcon), and grown in minimal essential medium (MEM) (Gibco) 
containing 15% fetal bovine serum, penicillin (100 units/ml), and strepto-
mycin (100 Ilg/ml) (Pen/Strep). When fibroblast outgrowth advanced (-1 
week), dishes of cells were trypsinized (0.25% trypsin-O.l % ethylene dia-
minetetraacetic acid [EDT A)) and passaged routinely once a week with 
culture medium renewed twice weekly. Cell cultures were grown at 37 ' C in 
a humidified atmosphere of 95% air/5% CO2 , Cells were used for experi-
mentation between passages 3 and 15. Furthermore, three normal cell lines 
1BR-l, GM730 (Human Genetics Cell Repository, HGCR) and 142BR 
(Dr. Colin Ariett, MRCC, Brighton, England), three AT cell lines (AT5 and 
AT1343, American Type Culture Collection, Camden, New Jersey; AT3, 
Dr. Colin Arlett), and the FEK. normal cell line, which was established in 
1986 in the laboratory at the Swiss Institute for Experimental Cancer Re-
search, were used in these studies (Table II). 
Radiation Source The UV ASUN 3000 lamp (Mutzhas, Munich, Ger-
many) emits wavelengths between 330 and 450 nm at a dose rate of 300 
W / m2 at a convenient irradiation position. The spectral output of the lamp 
was analyzed with a calibrated Optronic model 742 spectroradiometer (Op-
tronics Laboratories) (Fig 1) and shows a broad peak between 360 and 410 
nm. The UVASUN 3000 lamp is equipped with an infrared filter and a filter 
that cuts off sharply all wavelengths below 335 nm. In addition, cells were 
irradiated with plastic tissue culture lids that permit no transmission ofUVB 
or UVC radiation. For simplicity, we will refer to this radiation as UVA 
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Table II. Cell Lines with a Description of the Human Donors 
Cell Line Age (years) Sex 
Normal fibroblasts 
IBR-1 23 M 
FEK. Neo-natal M 
GM730 45 F 
142BR 51 M 
SW1 20 M 
SW2 22 M 
SW4 86 M 
SW6 29 M 
SW7 Neo-natal M 
SW8 Neo-natal M 
Photosensitivity 
dermatitis/actinic reticuloid 
PD/AR-1' 62 M 
PD/AR-2 64 M 
PD/AR-3 55 F 
PD/AR-4 77 M 
PD/AR-5 53 M 
PD/AR-6 68 M 
PD/AR-7 74 M 
PD/AR-8 61 M 
PD/AR-9 66 M 
Ataxia telangiectasia 
ATSI 12 F 
AT3 4 M 
AT5 18 M 
AT1343 6 F 
• PD/AR-t and PD/AR-2 are ceHlines established from biopsies taken at a 2-year 
interval from the same patient. 
although the small component of near-visible radiation may contribute to 
the biologic effects. Radiation fluences were monitored by an International 
Light Radiometer, IL 1700 with UV A detector head, calibrated against the 
spectroradiometer. 
Radiation and Chemical Treatments Cells were plated in 60 (cell 
survival) or 100 (RNA) -mm diameter Falcon culture dishes and grown to 
75% confluency. Just prior to irradiation or chemical treatment of cells, the 
growth medium was removed (reserved for RNA experiments) and the cell 
monolayer was rinsed twice with phosphate-buffered saline (PBS, 0.14 M 
NaCl; 2.7 mM KCI; 8.1 mM Na2HPO.; 1.5 mM K.H2 PO.). For UVA 
irradiation; cells were covered with PBS containing Dulbecco's mineral salt 
solution (1 X, Oxoid Inc., England) and irradiated at 25-30'C. Irradiation 
periods were on the average from 13 to 55 min maximum. For hydrogen 
peroxide t~eatment, cells were covered with PBS containing the appropriate 
concentration of H20 2 (0.1- 2.4 mM) and treated for 30 min at 37' C in a 
5% CO2 incubator. For HO-l mRNA measurements, a concentration of 
100 JjM H 20 2 was employed. 
Survival Assays Dishes of cells (60 mm, -75% confluent) that had re-
ceived either hydrogen peroxide or UVA radiation treatments were trypsin-
ized, diluted, and plated at 200 - 5000 cells per dish (60 mm, three dishes per 
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Figure 1. UVA lamp profile. Spectral output of the MUTZHAS 
UVASUN lamp determined at to-nm band width intervals. 
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treatment) . The dishes were incubated at 37°C for 12-14 d, after which 
they were stained with methylene blue and the colonies (> 20 cells) were 
counted with the aid of a dissecting microscope. All experiments were 
carried out with both the laminar flow hood illumination system and room 
fluorescent lights extinguished. 
Analysis of mRNA Dishes of cells that had been treated with hydrogen 
peroxide for 30 min were washed twice with PBS, the original medium was 
replaced, and the dishes were incubated at 37°C. One plate, which had 
undergone only a 30-min treatment with PBS, was used for the 0 h RNA 
extraction and all other dishes were incubated for 2. 4, 8, 24, and 48 h 
following the treatment before total RNA was extracted. Total RNA was 
prepared by the one-step acid guanidinium thiocyanate/phenol/chloroform 
method [31]. Cells were lysed in 4 M guanidinium thiocyanate solution 
[0.5% sodium N-lauryl-sarcosine, 25 mM sodium citrate (pH 7.0). and 0.1 
M Beta-mercaptoethanol] and the extraction procedure was carried out on 
ice. RNA was quantitated by absorption spectrophotometry and 2 ttg of total 
RNA from each sample were electrophoresed on 1% Tris-borate-EDTA 
agarose gels to control for quality. Total RNA (13 ttg/sample) was then 
electrophoresed on 3-(N-morpholino) propanesulfonic acid - formaldehyde 
(1.3%) gels. After electrophoresis. RNA was capillary blotted onto Zeta-
Probe (Biorad). Membranes were baked, prehybridized. and hybridized at 
65°C to 32P-labeled probes prepared by using random primed DNA synthe-
sis of restriction fragments of the eDNA of human heme oxygenase (clone 
2/10) [26]. The filters were washed two times for 10 min each at 37°C with 
a solution containing 2 X SSC + 0.1 % sodium dodecylsulfate (SDS) and then 
washed once for 15 min at 65 ° C with 0.1 X SSC + 1 % SDS. They were then 
exposed to preflashed Amersham hypersensitive film and the auto radio-
graph obtained was scanned by a Hirschmann (Germany) densitometer. 
RESULTS 
Cell Survival Following UV A Radiation Several previous 
studies have shown a cellular sensitivity of PD / AR cells to UV A 
radiation [18 -22], although other studies have not been able to 
confirm a sensitivity, perhaps due to the assays employed [Johnson 
BE, Walker EM, Ferguson], Frain-Bell W : BrJ Dermatoll18:286, 
1988 (abstract)]. By using a cell-cloning assay, we have confirmed a 
slight UV A sensitivity in our patients with PD / AR (Figs 2B and 
4A) comparable to that found in some AT cell lines (Fig 2C). In all, 
we tested cell lines established from ten normal individuals, eight 
PD / AR patients, and four AT patients. Interestingly, within cells 
from the normal population we observed no correlation with the 
degree of sensitivity of cells following treatment by oxidizing 
agents and that of the age of the donor and thus the data from the ten 
control individuals represent general heterogeneity of the human 
population. The average values for UV A survival of all strains tested 
are shown in Fig 4 grouped according to normal, PD / AR, and AT 
cell types. Because the average curves show a distinct pattern of a 
shoulder region followed by exponential inactivation, we have 
compared the UV A survival between sets of cell types by computing 
the average slope of the survival curves. To avoid bias, we have 
calculated slopes using regression analysis of each patient's survival 
curve for three different conditions by using data corresponding to a 
fluence more than 20,30, and 40 J/cm2 and applying an unpaired t 
test between patients of each group for each corresponding fluence. 
In all cases the difference in slopes between normal and AT, and 
normal and PD / AR, are statistically significant (students t test, p < 
0.05) except for the difference between normal and AT lines when 
slopes are computed using fluences greater than 30 J/cm2 (Table 
III). In all situations of data analysis between cells from PD / AR and 
normal subjects, there is an increased sensitivity for PD / AR patient 
cells reflected by the ratios of the slopes in the range of 1.8 - 2.4 
more sensitive for PD / AR patients when compared to normal con-
trols. 
Cell Survival Following H 20 2 Treatment We also tested the 
sensitivity of similar sets of normal, PD / AR, and AT cell lines to 
treatment with the oxidizing agent, hydrogen peroxide (Figs 
3A,B,C and 4B). As in a previous study comparing normal and AT 
cell lines, we observe that the inactivation curves are biphasic in 
nature [32]. Furthermore, PD / AR cell lines are also clearly more 
sensitive overall than the normal lines (Fig 3A,B) although the most 
resistant PD / AR lines overlap with the most sensitive normal cell 
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lines. Most of the enhanced sensitivity of the AT cell lines appears to 
derive from a change in the initial slope that is greater than threefold 
steeper than the average initial slope for the set of normal strains 
(Fig 4B and Table III). In contrast, the enhanced sensitivity of the 
PD / AR cell lines resides primarily in the three- to fourfold steeper 
slope of the second phase of inactivation. The slopes were calculated 
using regression analysis of each patient'S survival curve and apply-
ing an unpaired t test between patients of each group at two dif-
ferent phases of the survival curves. These differences in slopes are 
all statistically significant (Student t test, p < 0.05) regardless of 
whether the cutoff between the first and second phase of the slopes 
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Figure 2. UVA radiation survival curves. Individual survival curves are 
presented for skin fibroblasts from 10 normal individuals (A), eight PD/AR 
patients with the cell line names designated as PD / AR-1 through 9 where 
PD / AR-1 and 2 were biopsies from the same patient at a 2-year interval (B), 
and four Ataxia telangiectasia patients (e) . For each individual cell line, three 
to seven independent experiments were performed and the mean ± SEM 
presented. 
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Table III. Slopes· of Survival Curves of Normal 
Photosensitivity Oermatisl Actinic Reticuloid and Ataxia 
telangiectasia Skin Cells Following Treatment with Hydrogen 
Peroxide and UV A Radiation 
Normal PD/AR Ataxia telatlgiectasia 
UV A Radiation 
]lcm2 
2:20 1.78 ± 0.21 3.85 ± 0.24 3.07 ± 0.69 
2:30 2.31 ± 0.52 4.13 ± 0.40 3.84 ± 0.50 
2:40 1.97 ± 0.44 4.68 ± 0.86 3.99 ± 0.89 
Hydrogen Peroxide 
First phase 
4.05 ± 0.59 5.67 ± 0.89 14.23 ± 2.11 sO.2 mM 
sO.4 mM 3.24 ± 0.49 3.46 ± 0.48 11.24 ± 2.55 
Second phase 
2:0.2 mM 0.42 ± 0.06 1.33 ± 0.16 2.32 ± 1.07 
2:0.4 mM 0.30 ± 0.06 1.17 ± 0.16 1.25 ± 0.50 
• Slope {J/cm2t ' ± SEM. 
is taken at 0.2 mM or 0.4 mM hydrogen peroxide concentrations. 
Although this comparison serves to quantify sensitivity, it provides 
little mechanistic information because the basis of the population 
heterogeneity that leads to such a biphasic response to H 20 2 treat-
ment is unknown. The difference in response between PO I AR and 
AT strains does, however, indicate that the mechanisms of their 
oxidant sensitivity is quite different. 
StilDulation of Heme Oxygenase-l mRNA Expression in 
Skin Fibroblasts by H 20 2 Because PO I AR strains are clearly 
sensitive to both the oxidants, UV A and hydrogen peroxide, the 
question arises as to whether they are deficient in a free radical 
scavenging system. This is difficult to test directly because there are 
many potential candidates. However, a deficiency that leads to an 
accumulation of the active intermediates should lead to an enhanced 
activation of the oxidant-inducible gene, heme oxygenase-l (see, 
for example, [30]) . We therefore examined the kinetics of accumu-
lation ofHO-l mRNA as a function of time following H 20 2 treat-
ment in a set of normal and a set of PO I AR strains (Fig 5). In both 
normal and PO I AR fibroblasts, the peak of mRN A accumulation 
was close to 4 h with a return to basal level at 24 h post-treatment. 
The peak fold-increase in mRNA over basal messenger levels was 
extremely variable in both normal (6.6-20.6 fold) and POlAR 
(2.9 - 12.8 fold) cell strains. The somewhat lower induction range 
for the PO I AR set is not considered significant. 
DISCUSSION 
The experiments described in the current study confirm previous 
reports [18-22] that fibroblasts cultured from POlAR patients 
show a slightly enhanced sensitivity to UVA radiation compared 
with the normal controls (Fig 2A,B). Using a large number of cell 
strains, it is clear that the UVA sensitivity of the most resistant 
PD / AR cell lines overlaps with that of the most sensitive normal 
lines. Because UVA radiation constitutes an oxidative stress to cul-
tured cells [22] we have tested the sensitivity of the same set of cell 
lines to a range of concentrations of H 20 2 • The marked sensitivity 
of the PO I AR cell lines to this second type of oxidant stress (Fig 2B) 
further supports the suggestion that such cells are defective in cellu-
lar defense against oxidative stress. 
It has been proposed that PO I AR cell lines are defective in sca-
venging of potentially damaging free radical intermediates. To ex-
amine this possibility further, we have compared normal and POI 
AR cell lines with respect to the modulation of a gene (heme 
oxygenase) where expression is known to be enhanced under condi-
tions of oxidative stress. We have shown previously [30] that mod-
ulation of the redox state of the cell dramatically alters cellular 
expression of this gene. Hydrogen peroxide treatment induces ac-
cumulation ofHO-l mRNA peaking at 4 h post-treatment in both 
normal cell lines and in cells cultivated from PO I AR patients. 
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Figure 3. Hydrogen peroxide survival curves. Individual survival curves 
are presented for skin fibroblasts from ten normal individuals (A), nine 
PDI AR celllilles (B) , and four Ataxia telatlgiectasia patients (C). Each sur-
vIval curve represents the mean ± SEM of three to six independent experi-
ments. 
There is no dramatic difference between cells derived from the 
normal and disease state although induction may occur to a slightly 
lower level in the PO I AR group (Fig 5). These data therefore 
provide no support for the hypothesis that the sensitivity of PO I AR 
is due to the enhanced accumulation of reactive intermediates that 
results from a defect in a scavenging mechanism (glutathione, su-
peroxide dismutase, catalase, etc.) 
A second possible reason for abnormal sensitivity to oxidants is 
that PO I AR cells are defective in processing and repair of oxidative 
damage to critical cellular targets. Unscheduled DNA synthesis (a 
measure of excision repair of DNA) is normal in PO I AR cell lines 
following exposure to 254-nm radiation but such cells show more 
DNA fragmentation than controls following UVA radiation 
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Figure 4. Group averages for UV A radiation and hydrogen peroxide sur-
vival curves. Composites of survival curves for normal individuals (0), PD / 
AR patients (6),. or Ataxia telangiectasia patients (0). Group averages are 
prese_nted as the percent survival as a function of UVA fluence (A) or 
concentrations (30 min exposure) of hydrogen peroxide (B), mean ± SEM. 
[18,32J , an indication that repair of oxidative damage to DNA may 
be abnormal. However, it is also possible that such cell lines may be 
defective in repairing membrane-associated damage and current 
data does not allow us to distinguish between these possibilities. 
It is of interest to compare the results obtained with PD / AR cell 
lines with those obtained with AT cell lines, originally recognized 
for their sensitivity to ionizing radiation and later shown to be 
sensitive to hydrogen peroxide [33J. We have confirmed both this 
sensitivity to H 20 2 and the biphasic nature of the survival curves 
using an independent set of cell lines (Fig 3C). As for the PD / AR 
lines, the sensitivity to UVA is only slight and overlaps with the 
normal range (Fig 2A). However, the defect is likely to be quite 
different between these cell types because PD / AR lines show no 
sensitivity to ionizing radiation and the kinetics of inactivation by 
H20 2 are quite different (Fig 3B). Furthermore, a very recent but 
controversial report [34] has claimed that AT cell lines are specifi-
cally defective in a cell cycle check-point pathway. 
In summary, we have confirmed that PD / AR cell lines are sus-
ceptible to oxidative stress by demonstrating that such ce'Hs are 
sensitive to hydrogen peroxide as well as UV A radiation. Although 
the basis of the sensitivity remains unknown, the results with an 
oxidant-inducible stress gene suggest that the defect lies at a late step 
rather than involving the initial quenching of radiation generated 
active intermediates. 
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Figure 5. Heme oxygenase-l mRNA expression. Kinetics of induction of 
HO-l mRNA accumulation following 100 11M H20 2 treatment for 30 min 
at 37°C are shown for (A) a set of normal human fibroblasts and (B) each 
PD / AR patient'S fibroblasts, mean ± SD. 
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